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(54) Non-contact power transmitting device 

(57) A power supplying section has a signal trans- 
mitting secondary coil which is not coupled to a power 
transmitting primary coil not only electrically but also 
magnetically, and actuates as a feedback coil of a 
switching element. A load section has a power transmit- 
ting secondary coil arranged so as to be confronted with 
the power transmitting primary coil when the load sec- 
tion is attached to power supplying section, and also 
has a signal transmitting primary coil so as to be con- 



fronted with the and the signal transmitting secondary 
coil when the load section is attached to power supply- 
ing section. When the load section is not attached to the 
power supplying section, the voltage is not induced in 
the signal transmitting secondary coil as the feedback 
coil, and the switching of the switching element is inter- 
mittently carried out. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] This invention relates to a non-contact power 
transmitting device for electrical equipment which is 
suitably employed in a battery charger, or a water facility 
such as a bath room. 10 

2. Description of the Related Art 

[0002] Heretofore, a non-contact power transmitting 
device is popularly employed in which a power supply- is 
ing section having a power transmitting primary coil, 
and a load section having a power transmitting second- 
ary coil are separately provided, and when the load sec- 
tion is attached to the power supplying section the 
primary coil and the secondary coil are magnetically 20 
coupled to each other, and power is transmitted from 
the self-oscillating power supplying section to the load 
section by electromagnetic induction. The non-contact 
power transmitting device is applied to electrical equip- 
ment employed especially in a water facility. 25 
[0003] In such a non-contact power transmitting 
device, it is preferable that, when the load section is not 
attached to the power supplying section, the self-oscilla- 
tion of the power supplying section is stopped, or the 
self-oscillation is weakened. This is because, if the self- 30 
oscillation is continued although the load section is not 
attached to the power supplying section, then power 
loss occurs with the power supplying section; that is, 
energy loss is involved, and accordingly if a metal piece 
is arranged near the power supplying section, the metal 35 
piece is heated by induction heating action. 
[0004] In order to overcome this difficulty, the following 
non-contact power transmitting device has been pro- 
posed in the art: In addition to the power transmitting 
coils, a pair of signaling coils are provided. When, with 40 
the load attached to the power supplying section, power 
is transmitted to the load section by the electromagnetic 
induction of a pair of power transmitting coils of the 
power supplying section and the load section, the power 
is employed to drive the control circuit of the load sec- 45 
tion. And a control signal outputted by the control circuit 
is returned from the load section to the power supplying 
section with the aid of the pair of signaling coils. The 
oscillation operation is controlled according to the con- 
trol signal thus returned, thereby to detect the aimed so 
load section (cf. Japanese Patent Publication No. Hei. 
6-311658). 

[0005] In the above-described device under Japanese 
Patent Publication No. Hei. 6-31 1558, it is necessary to 
additionally provide a circuit for detecting the load sec- 55 
tion, and a circuit for controlling the oscillation. Accord- 
ingly, its circuit is unavoidably intricate; that is, the 
device is high in manufacturing cost. 
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[0006] On the other hand, Japanese Patent Publica- 
tion No. Hei. 6-1768464 has disclosed a non-contact 
power transmitting device of which circuitry is relatively 
simple. The device is to synchronously control the reso- 
nance frequency of the load section and the oscillation 
frequency of the power supplying section, and is applied 
to the case where the gap between the power supplying 
section and the load section. Accordingly, in the device, 
even if the load section is not attached to the power sup- 
plying section, the oscillation is continued in the power 
supplying section. Hence, the device is different from 
the one that the load section is detected to stop or 
weaken the oscillation. 

[0007] As is apparent from the above description, 
there has been a strong demand for the provision of a 
non-contact power transmitting device in which, in the 
case where the load section is not attached to the power 
supplying section, a simple circuit stops or weakens the 
oscillation of the power supplying section. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, an object of the invention is to 
eliminate the above-described difficulties accompany- 
ing conventional non-contact power transmitting device. 
More specifically, an object of the invention is to provide 
a non-contact power transmitting device in which its 
self-oscillation feedback loop is newly designed, so that 
the circuitry is simple, and with the load not attached to 
the power supplying section the self-oscillation of the 
power supplying section is weakened. 
[0009] According to the present invention, there is pro- 
vided a non-contact power transmitting device compris- 
ing: a voltage source; a start resistor connected to said 
voltage source; a first capacitor connected to said volt- 
age source; a power transmitting primary coil; a signal 
transmitting secondary coil being not coupled to said 
power transmitting primary coil not only electrically but 
also magnetically; and a switching element having a 
control terminal, wherein, said start resistor and said 
first capacitor apply a bias voltage to said control termi- 
nal of said switching element, and when the bias voltage 
applied to said control terminal becomes higher than a 
threshold voltage, said switching element switches a 
current from said voltage source to said power transmit- 
ting primary coil; and (B) a load section comprising a 
power transmitting secondary coil; and a signal trans- 
mitting primary coil being electrically or magnetically 
coupled to said power transmitting secondary coil, 
wherein, when said load section is attached to said 
power supplying section, said power transmitting pri- 
mary coil and said power transmitting secondary coil 
are magnetically coupled to each other, so that power is 
transmitted from said power supplying section to said 
load section by electromagnetic induction, said signal 
transmitting secondary coil is magnetically coupled to 
said signal transmitting primary coil and electrically cou- 
pled to said control terminal as a feedback coil, and said 
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power transmitting primary coil, said power transmitting 
secondary coil, said signal transmitting primary coil, and 
said signal transmitting secondary coil form a feedback 
loop. 

[001 0] In the case where the load section is attached 5 
to the power supplying section, the first capacitor is 
charged through the start resistor by the voltage source, 
and the bias voltage attributing to this charge voltage is 
applied to the control terminal of the switching element 
to turn on the latter. When, as the switching element is 10 
turned on as described above, a voltage is induced in 
the power transmitting primary coil. Owing to the induc- 
tion voltage, a voltage is induced in the signal transmit- 
ting primary coil which is electrically or magnetically 
coupled to the power transmitting primary coil. Owing to 15 
the voltage thus induced, a voltage is induced in the sig- 
nal transmitting secondary coil of the power supplying 
section which is magnetically coupled to the signal 
transmitting primary coil. This signal transmitting sec- 
ondary coil is electrically connected, as a feedback coil, 20 
to the control terminal of the switching element, and the 
power transmitting primary coil, the power transmitting 
secondary coil, the signal transmitting primary coil, and 
signal transmitting secondary coil form the feedback 
loop of the self-oscillation circuit, whereby the switching 25 
of coil current by the switching element is continuously 
carried out. 

[001 1 ] On the other hand, in the case where the load 
section is not attached to the power supplying section, 
even if current flows in the power transmitting primary 30 
coil to turn on the switching element, the signal transmit- 
ting secondary coil is not coupled to the power transmit- 
ting primary coil not only electrically but also 
magnetically, and the power transmitting primary coil, 
the power transmitting secondary coil, the signal trans- 35 
mitting primary coil, and the signal transmitting second- 
ary coil does not form the feedback loop of the self- 
oscillation circuit. Therefore, no voltage is induced in the 
feedback coil, namely, the signal transmitting secondary 
coil. Accordingly, only when the bias voltage which is 40 
obtained by charging the capacitor of the bias voltage 
circuit through the start resistor reaches the threshold 
voltage of the switching element, the latter is turned on. 
Thus, the switching of coil current by the switching ele- 
ment is carried out only intermittently. 45 
[0012] Hence, when the load section is not attached 
to the power supplying section, the strength of self- 
oscillation is decreased by a simple circuit. 
[001 3] It is preferable that the load section has a con- 
trol circuit which is connected to the signal transmitting so 
primary coil, and controls a voltage level of the signal 
transmitting primary coil. 

[0014] In the case where the load section is attached 
to the power supplying section, the voltage level of the 
signal transmitting primary coil is controlled. Therefore, 55 
the induction voltage level of the signal transmitting sec- 
ondary coil of the power supplying section operating as 
a feedback coil is controlled. Accordingly, for instance 



by increasing the induction voltage level, the oscillation 
degree is increased; that is, the oscillation of the self- 
oscillation circuit can be controlled. 

[0015] Further, it is preferable that the power supply- 
ing section has a second capacitor which is connected 
in parallel to the power transmitting primary coil. 
[001 6] In this case, the second capacitor connected in 
parallel to the power transmitting primary coil forms a 
resonance circuit, so that with the load section attached 
to the power supplying section, the self-oscillation is 
carried out with high efficiency. 

[0017] Still further, the signal transmitting secondary 
coil may be arranged outside of the magnetic-flux loop 
of the power transmitting primary coil, and the signal 
transmitting primary coil may be arranged in such a 
manner that, with the load section attached to the power 
supplying section, the signal transmitting primary coil is 
confronted with the signal transmitting secondary coil. 
[0018] In this case, the signal transmitting secondary 
coil is arranged outside of the magnetic-flux loop of the 
power transmitting primary coil, so that the circuit is sim- 
ply realized that the signal transmitting secondary coil is 
not coupled to the power transmitting primary coil not 
only electrically but also magnetically. On the other 
hand, the signal transmitting primary coil is arranged 
confronted with the signal transmitting secondary coil 
with the load section attached to the power supplying 
section, so that, when the load section is attached to the 
power supplying section, the signal transmitting primary 
coil and the signal transmitting secondary coil are mag- 
netically coupled to each other with a simple circuit. 
[0019] Still further, the signal transmitting secondary 
coil may be arranged inside of the magnetic-flux loop of 
the power transmitting primary coil, and the signal trans- 
mitting primary coil may be arranged in such a manner 
that, with the load section attached to the power supply- 
ing section, the signal transmitting primary coil is con- 
fronted with the signal transmitting secondary coil. 
[0020] In this case, the signal transmitting secondary 
coil is arranged inside of the magnetic-flux loop of the 
power transmitting primary coil, so that the circuit is sim- 
ply realized that the signal transmitting secondary coil is 
not coupled to the power transmitting primary coil not 
only electrically but also magnetically. On the other 
hand, the signal transmitting primary coil is arranged 
confronted with the signal transmitting secondary coil 
with the load section attached to the power supplying 
section, so that, when the load section is attached to the 
power supplying section, the signal transmitting primary 
coil and the signal transmitting secondary coil are mag- 
netically coupled to each other with a simple circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021 ] In the accompanying drawings: 

FIG. 1 is a circuit diagram showing a non-contact 
power transmitting device, which constitutes an 
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embodiment of the invention; 

FIG. 2A is a diagram showing the exploded coils in 
a power supplying section and in a load section, 
and FIG. 2B is a diagram showing the assembled 
coils; 5 
FIG. 3 is a schematic sectional view of the coils in 
the power supplying section and in the load section 
magnetic together with magnetic fluxes; 
FIG. 4 is a waveform diagram showing waves at 
various points of the power supplying section in the 10 
case where the load section is attached to the 
power supplying section; 

FIG. 5 is a waveform diagram showing waves at 
various points of the power supplying section in the 
case where the load section is not attached to the is 
power supplying section; 

FIG. 6 is a circuit diagram showing a second modi- 
fication of the non-contact power transmitting 
device of the invention; 

FIG. 7 is a circuit diagram showing a third modifica- 20 
tion of the non-contact power transmitting device of 
the invention; 

FIGS. 8A and 8B are diagrams showing a fourth 
modification of the non-contact power transmitting 
device of the invention, FIG. 8A is a diagram show- 25 
ing the exploded coils in a power supplying section 
and in a load section, and FIG. 8B is a diagram 
showing the assembled coils; 
FIG. 9 is a schematic sectional view of the coils in 
the power supplying section and in the load section 30 
magnetic together with magnetic fluxes in FIG. 8B; 
and 

FIG. 10 a circuit diagram showing a fifth modifica- 
tion of the non-contact power transmitting device of 
the invention. 35 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] FIG. 1 is a circuit diagram of a non-contact 40 
power transmitting device, which constitutes an embod- 
iment of the invention. FIGS. 2A and 2B are diagrams 
showing the arrangement of the coils of a power supply- 
ing section and a load section. 

[0023] As shown in FIG. 1 , the device of the invention 45 
comprises a power supplying section 10 and a load sec- 
tion 20 which are provided separately. The load section 
20 is detachably attached to the power supplying sec- 
tion 20. 

[0024] First, the arrangement of the power supplying so 
section 10 will be described. The power supplying sec- 
tion 1 0 comprises a DC voltage source E1 , and a power 
transmitting primary coil Nm1, thus constituting a self- 
oscillation resonance inverter operating as class C con- 
dition. When the load section 20 is attached to the 55 
power supplying section 10, the power supplying sec- 
tion 10 supplies power to the load section by electro- 
magnetic induction. 
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[0025] The DC voltage source E1 and a power switch 
S1 form a series circuit, which is shunted by a series cir- 
cuit consisting of a start resistor R1 and a capacitor C1 . 
The series circuit consisting of he start resistor R1 and 
the capacitor C1 forms a bias voltage circuit. At the con- 
necting point of the start resistor R1 and the capacitor 
C1 , a bias voltage V C i is produced which is due to the 
charge voltage of the capacitor C1 . 

[0026] The series circuit comprising the DC voltage 
source E1 and the power switch S1 is shunted by a 
series circuit consisting of the power transmitting pri- 
mary coil Nm1 and a switching element FET1. The 
power transmitting primary coil Nm1 is shunted by a 
capacitor C2, thus forming a resonance circuit. 
[0027] A signal transmitting secondary coil Nf2 are 
connected between the connecting point of the start 
resistor R1 and the capacitor C1 ; i.e., the point of gen- 
eration of a bias voltage V C i and the gate of the switch- 
ing element FET1 , serving also as a feedback coil. 
[0028] The aforementioned resonance circuit, the 
switching element FET1 and the signal transmitting sec- 
ondary coil Nf2 form a self-excitation oscillation circuit. 
[0029] The anode of a diode D1 is connected to the 
connecting point of the start resistor R1 and the capac- 
itor C1 . The cathode of the diode D1 is connected to the 
drain of the switching element FET 1. The diode D1 
forming an oscillation stabilizing bias control circuit. 
[0030] Now, the arrangement of the load section 20 
will be described. The load section 20 comprises a 
power transmitting secondary coil Nm2, the signal 
transmitting primary coil Nf 1 , a rectifier circuit 21 , and a 
load 22. 

[0031] The rectifier circuit 21 is to rectify the voltage 
which is induced in the power transmitting secondary 
coil Nm2 by electromagnetic induction. The load 22 is 
an electric motor or the like, and is driven by the voltage 
which is rectified by the rectifier circuit 21 . 
[0032] The signal transmitting primary coil Nf 1 is con- 
nected in parallel to the power transmitting secondary 
coil Nm2; that is, the signal transmitting primary coil Nf1 
is electrically coupled to the power transmitting second- 
ary coil Nm 2. Therefore, when a voltage is induced 
across the power transmitting secondary coil Nm2, a 
voltage is induced across the signal transmitting pri- 
mary coil Nf 1 , too. 

[0033] The arrangement of the coils will be described 
with reference to FIGS. 2A and 2B. The power supply- 
ing section 10 and the load section has, for instance, a 
guide structure (not shown) so that the load is regularly 
set with respect to the power supplying section 10. 
[0034] The power transmitting primary coil Nm1 of the 
power transmitting section 10, and the power transmit- 
ting secondary coil Nm2 of the load section 20 are 
arranged in such a manner that, when the load section 
20 is attached to the power supplying section 10, they 
are confronted with each other. 

[0035] The signal transmitting secondary coil Nf2 of 
the power supplying section 10 is arranged outside a 
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transformer pot core K1 and the power transmitting pri- 
mary coil Nm1 is wound inside of the transformer pot 
core K1 as shown in FIG. 2A; that is, outside the mag- 
netic-flux loop attributing to the power transmitting pri- 
mary coil Nm1 , and the magnetic-flux loop attributing to 5 
the transformer of the power transmitting primary and 
secondary coils Nm1 and Nm2 as shown in FIG. 3. 

[0036] The signal transmitting primary coil Nf 1 of the 
load section 20 is so arranged that it confronts with the 
signal transmitting secondary coil Nf2 of the power sup- 10 
plying section 10 when the load section 20 is attached 
to the power supplying section 10; that is, it is arranged 
outside a transformer pot core K2 and the power trans- 
mitting secondary coil Nm2 is wound inside of the trans- 
former pot core K2 as shown in FIG. 2 A. 15 
[0037] Accordingly, the signal transmitting secondary 
coil Nf2 is arranged outside the magnetic-flux loop 
which is formed by the transformer of the power trans- 
mitting primary and secondary coils Nm1 and Nm2; that 
is, the magnetic fluxes are canceled out therein, and no 20 
magnetic flux extends across the signal transmitting 
secondary coil Nf2 as shown in FIG. 3. Hence, no elec- 
tromagnetic force is induced in the signal transmitting 
secondary coil Nf2 by the magnetic flux formed by the 
power transmitting primary coil Nm1 . In other words, the 25 
signal transmitting secondary coil Nf2 and the power 
transmitting primary coil Nm1 are not electrically nor 
magnetically coupled to each other, or the coupling of 
them is to the extent that can be disregarded (only the 
amount of the flux leakage). 30 
[0038] On the other hand, when the load section 20 is 
coupled to the power supplying section 10, the power 
transmitting primary coil Nm1 is magnetically coupled to 
the power transmitting secondary coil Nm2, while the 
signal transmitting primary coil Nf 1 is magnetically cou- 35 
pled to the signal transmitting secondary coil Nf2. 
[0039] The operation of the device in the case where 
the load section 20 is attached to the power supplying 
section 10 will be described with reference to FIGS. 1 
and 4. FIG. 4 shows the waveforms of various parts of 40 
the power supplying section when the load section is 
attached to the power supplying section. 
[0040] When the power switch S1 is turned on, the 
capacitor C1 is charged through the start resistor R1 by 
the DC voltage source E1. In this case, no voltage is 45 
developed in the signal transmitting secondary coil Nf2 
of the power supplying section 10, and therefore the 
gate voltage V g of the switching element FET1 is equal 
to the bias voltage V c -|. 

[0041] When the gate voltage V g increases to a so 
threshold voltage which turns on the switching element 
FET1, the switching element FET1 is turned on, 
whereby the drain voltage V d is substantially equal to 
the earth (ground) potential. In this case, the resonance 
voltage V C2 of the capacitor C2 is substantially equal to 55 
the voltage of the DC voltage source E1 , and a coil cur- 
rent l L1 , which increases monotonously, starts flowing to 
the power transmitting primary coil Nm1 of the power 



supplying section. 

[0042] When the coil current l L1 flows to the power 
transmitting primary coil Nm1 of the current supplying 
section 10, a voltage is induced in the power transmit- 
ting secondary coil Nm2 of the load section 20 by elec- 
tromagnetic induction, whereby a voltage is induced in 
the signal transmitting primary coil Nf1 of the load sec- 
tion 20 which is electrically connected thereto. 
[0043] Because of the voltage thus induced, a voltage 
V nf2 is induced in the signal transmitting secondary coil 
Nf2 of the power supplying section 10 by electromag- 
netic induction which is magnetically coupled to the sig- 
nal transmitting primary coil Nf1 of the load section 20. 
In this case, the gate voltage V g is V C i + V nf2 , so that 
the switching element FET1 is stably in "on" state. 
[0044] On the other hand, since the drain voltage V d 
is substantially the ground potential, and therefore the 
capacitor C1 is discharged through the diode D1 and 
the "on" resistance of the switching element FET1 , so 
that the bias voltage V C1 is decreased. Since the dis- 
charge current depends on the resistance of the path 
through which the current flows, when it is required to 
increase the discharge time, a resistance element is 
connected in series to the diode D1 . 
[0045] As the capacitor C1 is discharged, the bias 
voltage V C1 is gradually decreased, and accordingly the 
gate voltage V g is also decreased. When the gate volt- 
age V g is decreased to the threshold voltage which 
turns off the switching element FET1, then the "on" 
resistance of the switching element FET1 starts 
increasing, whereby the drain voltage V d is increased. 
[0046] As the drain voltage V d increases, the reso- 
nance voltage V C2 of the capacitor C2; i.e, the power 
transmitting primary coil Nm1 . Accordingly, the induc- 
tion voltage of the power transmitting secondary coil 
Nm2 decreases, so that the voltage of the signal trans- 
mitting primary coil Nf1 decreases. As a result, the 
induction voltage V nf2 of the signal transmitting second- 
ary coil Nf2 starts decreasing, and therefore the gate 
voltage V g is further decreases, so that the switching 
element FET1 is quickly placed in "off" state. 
[0047] Hence, as shown in FIG. 4, the waveform of the 
resonance voltage V C2 of the capacitor C2 becomes a 
sine wave by the resonance action of the capacitor C2 
and the power transmitting primary coil Nm1, and the 
waveform of the coil current l u flowing in the power 
transmitting primary coil Nm1 becomes a sine wave, 
too. 

[0048] During the period when (the drain voltage V d ) 
> (the bias voltage V C1 ), the charging of the capacitor 
C1 by the drain voltage V d is inhibited by means of the 
diode D1; however, the charging current from the DC 
voltage source E1 through the start resistor R1 to the 
capacitor flows at all times, and the bias voltage V C1 is 
increased. 

[0049] When the resonance voltage V C2 of the capac- 
itor C2 comes near the end of one cycle, the drain volt- 
age V d comes near the earth potential, and by the 
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induction voltage of the power transmitting primary coil 
Nm1 , the voltage V nf2 of the signal transmitting second- 
ary coil Nf2 is increased in the feedback loop of the 
power transmitting secondary coil Nm2, the signal 
transmitting primary coil Nf1 and the signal transmitting 5 
secondary coil Nf2. As a result, the gate voltage V g is 
increased, and the switching element FET1 is turned on 
again. 

[0050] The above-described operations are repeat- 
edly carried out to continue the oscillation, so that power 10 
is supplied from the power supplying section 10 to the 
load section 20. 

[0051 ] The operation of the device in the case where 
the load section 20 is not attached to the power supply- 
ing section 1 0, will be described with reference to FIGS. 15 
1 and 5. 

[0052] When the power switch S1 is turned on, simi- 
larly as in the case where the load section 20 is 
attached to the power supplying section 10, the capaci- 
tor C1 is charged by the DC voltage source E1 through 20 
the start resistor R1 . In this case, no voltage is induced 
in the signal transmitting secondary coil Nf2 of the 
power supplying section 10, and therefore the gate volt- 
age V g of the switching element FET1 is equal to the 
bias voltage V C i . 25 
[0053] When the gate voltage V g is increased to reach 
the threshold voltage which turns on the switching ele- 
ment FET1 , then the switching element FET1 is turned 
on, whereby the drain voltage V d becomes the earth 
potential. In this case, the resonance voltage V C2 30 
becomes substantially equal to the voltage of the DC 
voltage source E1, and the coil current l u which 
increases monotonously flows in the power transmitting 
primary coil Nm1 of the power supplying section 10. 
[0054] However, since the load section 20 is not 35 
attached to the power supplying section, the feedback 
loop comprising the power transmitting primary coil 
Nm1, the power transmitting secondary coil Nm2, the 
signal transmitting primary coil Nf1, and the signal 
transmitting secondary coil Nf2 is not formed, and no 40 
voltage is induced across the signal transmitting sec- 
ondary coil Nf2. 

[0055] Therefore, even when the switching element 
FET1 is once turned on, immediately the bias voltage 
V C i is lowered by the discharge through the diode D1 . 45 
Hence, it is impossible to hold the gate voltage V g which 
is necessary to turn on the switching element FET1 , so 
that the switching element FET1 is turned off immedi- 
ately. That is, as shown in FIG. 5, the resonance voltage 
V C2 is lowered by damping oscillation. 50 
[0056] And the capacitor C1 is charged through the 
start resistor R1 by the DC voltage source E1. There- 
fore, the oscillation is held stopped until the bias voltage 
V C1 is increased to the gate voltage V g which turns on 
the switching element FET1. Accordingly, When the 55 
load section 20 is not attached to the power supplying 
section 10, the oscillation of the power supplying sec- 
tion 10 is an intermittent oscillation. 
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[0057] As was described above, the feedback loop of 
the self-oscillation circuit is let outside from the power 
supplying section 10 towards the load section 20. 
Therefore, in the case where the load section 20 is not 
attached to the power supplying section 10, no feed- 
back loop is formed, whereby the self-oscillation of the 
power supplying section 10 becomes an intermittent 
oscillation. That is, the power loss of the power supply- 
ing section can be substantially disregarded. And even 
if a metal foreign matter or the like is placed near the 
power supplying section 10, the generation of heat of 
the foreign matter, which is due to induction heating or 
the like, can be prevented. 

[0058] Especially, by setting the constant values of the 
start resistor R1 and the capacitor C1 to suitable values 
(for instance, with respect to about the oscillation period 
10 jLisec obtained when the load section 20 is attached 
to the power supplying section 1 0 the intermittent period 
obtained in the case where the load section 20 is not 
attached to the power supplying section 1 0 can be set to 
several hundreds of mill-seconds (msec). The values of 
the periods are not limited to those described above. 
The constant values of the start resistor R1 and the 
capacitor C1 may be set to values which reduces the 
power loss thereby to save energy. 
[0059] The invention is not limited to the above- 
described embodiment. That is, it may be modified as 
follows: 

(1) In the above-described embodiment, the switch- 
ing element FET1 is a field-effect transistor; how- 
ever, it may be replaced by an element such as a bi- 
polar transistor or other switching elements. 

(2) The circuit arrangement of the power supplying 
section 10 and the load section 20 may be replaced 
by the circuit arrangement shown in FIG. 6. 

In the power supplying section 10, instead of 
the above-described DC voltage source E1, a DC 
voltage source is employed which receives power 
from an AC voltage source. The DC voltage source 
comprises a self-oscillation inverter 1 1 operating as 
class C condition, and a high harmonic counter- 
measure circuit 12. 

The high harmonic countermeasure circuit 12 
is made up of a low-pass filter LF, a rectifier bridge 
diode D2, and a transformer T1, and is to prevent 
the flow of higher harmonic components from the 
power supplying section 10 to the AC voltage 
source AC. 

The output voltage of the transformer T1 of the 
high harmonic countermeasure circuit 12 is recti- 
fied by the diode D3, and smoothed by the capaci- 
tor C3 to obtain the DC voltage source. 

On the other hand, in the load section 20, a 
control circuit 23 is added to the above-described 
embodiment, and a diode D4 and a capacitor C4 
are provided as the rectifier circuit 21 , and a battery 
is provided as the load 22. The induction voltage of 
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the power transmitting secondary coil Nm2 is half- 
wave- rectified by the diode D4, and smoothed by 
the capacitor C4, so that DC power is supplied to 
the battery which is the load 22. 

In the circuit, the signal transmitting primary 5 
coil Nf 1 is electrically connected through the control 
circuit 23 to the power transmitting secondary coil 
Nm2. 

The control circuit 23 utilizes the induction volt- 
age of the power transmitting secondary coil Nm2, 10 
and the power of the battery 22, to control the volt- 
age level of the signal transmitting primary coil Nf 1 . 

In the modification, in the case where the load 
section 20 is coupled to the power supplying sec- 
tion 10, the voltage level of the signal transmitting 15 
primary coil Nf 1 is controlled by the control circuit 
23, and the voltage level induced in the feedback 
coil, namely, the signal transmitting secondary coil 
Nf2 is controlled, whereby the oscillation of the 
power supplying section 10 can be controlled from 20 
the load section 20. As the control circuit 23, the 
amplitude control circuit, intermittent oscillation 
control circuit or the like can be used. 

In the case where the load section 20 is not 
attached to the power supplying section, similarly 25 
as in the above-described case the oscillation of the 
power supplying section 10 becomes intermittent. 
(3) The circuit of the power supplying section 10 
may be as shown in FIG. 7. 

In the circuit of FIG. 7, a parallel circuit of a 30 
diode D1 1 and a resistor R1 1 is connected between 
a resonance circuit of the capacitor C2 and a power 
transmitting primary coil Nm1 and the drain of the 
switching element FET1 . 

The diode D1 operates as follows: When the 35 
anode voltage of the diode D1 is going to 
decreased to negative voltage, while the regenera- 
tive current is blocked which is going to flow in the 
side of the DC powers source E1 through the inner 
diode of the switching element FET1 , the voltage of 40 
the anode of the diode D1 1 is decreased to nega- 
tive voltage. 

The resistor R1 1 is to prevent the charge and 
discharge of the parasitic capacitance from being 
obstructed by the voltage generated in the reso- 45 
nance circuit because of the insertion of the diode 
D11. 

In the circuit of FIG. 7, a series circuit of resis- 
tors R12 and R13 is connected between the source 
of the switching element FET1 and ground, and the so 
gate of the switching element FET1 is connected to 
the anode of the diode D12, and through a resistor 
R14 to the signal transmitting secondary coil Nf2. 

The cathode of the diode D12 is connected to 
the collector of a transistor Q1. The base of the 55 
transistor Q1 is connected to the connecting points 
of the resistors R12 and R13, and the emitter 
thereof is grounded. 



In the circuit of FIG. 7, the diode D1 is not pro- 
vided, and the resistors R1 2 through R14, the diode 
D12 and the transistor Q1 form a bias control cir- 
cuit. 

The operation of the circuit when the circuit is 
coupled to the power source, will be described. 
Similarly as in the above-described case, the 
capacitor C1 is charged through the start resistor 
R1, so that the bias voltage V C1 is increased. And 
when, because of the bias voltage V C1 , the gate 
voltage V g becomes higher than the "on" voltage of 
the switching element FET1, the switching element 
FET1 is turned on, and the coil current l L i flows 
while the drain voltage V d decreases. Therefore, a 
voltage (potential difference) is developed across 
the power transmitting primary coil Nm1 . 

As a result, a voltage is induced in the power 
transmitting secondary coil Nm2 of the load section 
20, whereby (owing to the voltage thus induced) a 
voltage is induced in the signal transmitting primary 
coil Nf1. 

Owing to the voltage thus induced, a voltage 
V nf2 is induced in the signal transmitting secondary 
coil Nf2 of the power supplying section 10 by elec- 
tromagnetic induction which is magnetically cou- 
pled to the signal transmitting primary coil Nf1 of 
the load section 20. In this case, the gate voltage V g 
is V C i + V nf2 , and therefore the switching element 
FET1 is stably in "on" state. 

On the other hand, when the voltage across the 
resistors R12 and R13 is increased by the coil cur- 
rent l L1 so that a base current is supplied to the 
transistor Q1, the latter Q1 is turned on (rendered 
conductive), so that the gate voltage V g of the 
switching element FET1 is decreased, and the 
switching element FET1 is turned off (rendered 
non-conductive). 

As was described above, when the circuit is 
coupled to the power source, the "on" time of the 
switching element FET1 is decreased very much. 
Therefore, the stored energy attributing to the coil 
current l u is suppressed to a suitable value, and 
the flyback voltage can be suppressed which 
occurs after the switching element FET1 is turned 
off. 

In the steady state after the circuit is coupled to 
the power source, similarly, because the transistor 
Q1 forming the bias control circuit is turned on, the 
switching element FET1 is turned off, so that the 
switching of the switching element FET1 is repeat- 
edly carried out. 

In the modification, similarly as in the above- 
described embodiment, in the case where the load 
section 20 is not coupled to the power supplying 
section, the oscillation of the power supplying sec- 
tion 10 is intermittent oscillation. That is, the modifi- 
cation has the same effects as the above-described 
embodiment. 
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(4) The signal transmitting secondary coil Nf2 of the 
power supplying section 10, and the signal trans- 
mitting primary coil Nf 1 of the load section 20 in the 
above-described embodiment (FIGS. 2A and 2B) 
may be arranged as shown in FIGS. 8A and 8B. 5 

As shown in FIGS. 8A and 8B, the signal trans- 
mitting secondary coil Nf2 of the power supplying 
section 10 is arranged the most inside of the trans- 
former pot core K1, that is, inside of the power 
transmitting primary coil Nm1; that is, inside the 10 
magnetic-flux loop attributing to the power transmit- 
ting primary coil Nm1, and the magnetic-flux loop 
attributing to transformer of the power transmitting 
primary and secondary coils Nm1 and Nm2 as 
shown in FIG. 9. 15 

On the other hand, the signal transmitting pri- 
mary coil Nf 1 of the load section 20 is arranged at 
the position where, when the load section 20 is 
attached to the power supplying section 10, it is 
confronted with the signal transmitting secondary 20 
coil Nf2 of the power transmitting section 10; that is, 
it is arranged the most inside of the transformer pot 
core K2, that is inside of the power transmitting sec- 
ondary coil Nm2. 

In the modification, too, the magnetic-flux loop 25 
formed by the transformers of the power transmit- 
ting primary and second coils Nm1 and Nm2, is 
located outside; that is, the magnetic fluxes are 
canceled out outside as viewed from the signal 
transmitting secondary coil Nf2, and no flux goes 30 
across the signal transmitting secondary coil Nf2 as 
shown in FIG. 9. Therefore, no electromotive force 
is generated by the magnetic flux of the power 
transmitting primary coil Nm1. In other words, the 
signal transmitting secondary coil Nf2 and the 35 
power transmitting primary coil Nm1 are not cou- 
pled to each other not only electrically but also 
magnetically, or even if they are coupled, the cou- 
pling condition is to the extent that can be disre- 
garded (only the amount of the flux leakage). 40 

On the other hand, when the load section 20 is 
attached to the power supplying section 10, the 
power transmitting primary coil Nm1 and the power 
transmitting secondary coil Nm2 are magnetically 
coupled to each other, while the signal transmitting 45 
primary coil Nf 1 and the signal transmitting second- 
ary coil Nf2 are also magnetically coupled to each 
other. 

In the modification, when the load section 20 is 
attached to the power supplying section 10, the so 
power transmitting primary coil Nm1, the power 
transmitting secondary coil Nm2, the signal trans- 
mitting primary coil Nf 1 , and the signal transmitting 
secondary coil Nf2 form the feedback loop of he 
self-oscillation circuit; that is, the modification oper- 55 
ates in the same manner as the above-described 
embodiment. 

In the case where the load section 20 is not 



attached to the power supplying section 10, the 
power transmitting primary coil Nm1, the power 
transmitting secondary coil Nm2, the signal trans- 
mitting primary coil Nf 1 , and the signal transmitting 
secondary coil Nf2 do not form the feedback loop of 
the self-oscillation circuit. Therefore, the oscillation 
of the power supplying section 10 becomes inter- 
mittent oscillation; that is, the modification has the 
same effects as the above-described embodiment. 

(5) The circuit of the load section 20 may be as 
shown in FIG. 10. 

[0060] In the above embodiments, the power transmit- 
ting secondary coil Nm2 and the signal transmitting pri- 
mary coil Nf1 are electrically coupled to each other. 
However, the signal transmitting primary coil Nf 1 can be 
magnetically coupled to the power transmitting second- 
ary coil Nm2 as shown in the circuit of FIG. 10. 
[0061] According to the invention, the non-contact 
power transmitting device comprises the power supply- 
ing section having the power transmitting primary coil in 
which coil current is switched by the switching element, 
and the load section having the power transmitting sec- 
ondary coil in such a manner that the power supplying 
section and the load section are detachably attached to 
each other. The load section has the signal transmitting 
primary coil which is electrically or magnetically coupled 
to the power transmitting secondary coil. The power 
supplying section has the signal transmitting secondary 
coil which is not coupled to the power transmitting pri- 
mary coil not only electrically but also magnetically, and 
which is magnetically coupled to the signal transmitting 
primary coil with the load section coupled to the power 
supplying section, and is electrically connected, as a 
feedback coil, to the control terminal of the switching 
element. And, with the load section attached to the 
power supplying section, the power transmitting primary 
coil, the power transmitting secondary coil, the signal 
transmitting primary coil, and the signal transmitting 
secondary coil form the feedback loop of the self-oscil- 
lation circuit. Therefore, when the load section is not 
coupled to the power supplying section, the signal 
transmitting secondary coil is not coupled to the power 
transmitting primary coil not only electrically but also 
magnetically, and the power transmitting primary coil, 
the power transmitting secondary coil, the signal trans- 
mitting primary coil, and the signal transmitting second- 
ary coil do not form the feedback loop of the self- 
oscillation circuit, so that no voltage is induced in the 
feedback coil, namely, the signal transmitting secondary 
coil. Accordingly, the switching of the coil current by the 
switching element can be intermittently carried out, 
whereby, when the load section is not coupled to the 
power supplying section, the self-oscillation can be 
decreased with a simple circuit. 
[0062] Accordingly, when the load section is not 
attached to the power supplying section, the power con- 
sumption can be decreased. Furthermore, even in the 
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case where a metallic foreign matter is placed near the 
power supplying section, it is prevented from being 
heated. In addition, the circuit is very simple, and the 
device can be manufactured at low cost. 

[0063] According to the invention, the load section has 5 
the control circuit which controls the voltage level of the 
signal transmitting primary coil, so that the oscillation of 
the self-oscillation circuit of the power supplying section 
is controlled, whereby the level of the power supplied to 
the load section is controlled. 10 
[0064] According to the invention, the power supplying 
section has the capacitor connected in parallel to the 
power transmitting primary coil, thus forming a reso- 
nance circuit. Therefore, in the case where the load sec- 
tion is coupled to the power supplying section, the self- 15 
oscillation is carried out with high efficiency. 
[0065] According to the invention, the signal transmit- 
ting secondary coil is arranged outside of the magnetic- 
flux loop of the power transmitting primary coil, and with 
the load section coupled to the power supplying section, 20 
the signal transmitting primary coil is arranged con- 
fronted with the signal transmitting secondary coil. 
Hence, the state that the signal transmitting secondary 
coil is not coupled to the power transmitting primary coil 
not only electrically but also magnetically, can be real- 25 
ized with a simple circuit. In addition, in the case where 
the load section is coupled to the power supplying sec- 
tion, the magnetic coupling of the signal transmitting pri- 
mary coil and the signal transmitting secondary coil is 
realized with a simple circuit. 30 
[0066] According to the invention, the signal transmit- 
ting secondary coil is arranged inside of the magnetic- 
flux loop of the power transmitting primary coil, and with 
the load section coupled to the power supplying section, 
the signal transmitting primary coil is arranged con- 35 
fronted with the signal transmitting secondary coil. 
Hence, the state that the signal transmitting secondary 
coil is not coupled to the power transmitting primary coil 
not only electrically but also magnetically, can be real- 
ized with a simple circuit. In addition, in the case where 40 
the load section is coupled to the power supplying sec- 
tion, the magnetic coupling of the signal transmitting pri- 
mary coil and the signal transmitting secondary coil is 
realized with a simple circuit. 

[0067] A power supplying section has a signal trans- 45 
mitting secondary coil which is not coupled to a power 
transmitting primary coil not only electrically but also 
magnetically, and actuates as a feedback coil of a 
switching element. A load section has a power transmit- 
ting secondary coil arranged so as to be confronted with 50 
the power transmitting primary coil when the load sec- 
tion is attached to power supplying section, and also 
has a signal transmitting primary coil so as to be con- 
fronted with the and the signal transmitting secondary 
coil when the load section is attached to power supply- 55 
ing section. When the load section is not attached to the 
power supplying section, the voltage is not induced in 
the signal transmitting secondary coil as the feedback 



coil, and the switching of the switching element is inter- 
mittently carried out. 

Claims 

1 . A non-contact power transmitting device compris- 
ing: 

(A) a power supplying section comprising: 
a voltage source; 

a start resistor connected to said voltage 
source; 

a first capacitor connected to said voltage 
source; 

a power transmitting primary coil; 
a signal transmitting secondary coil being 
not coupled to said power transmitting pri- 
mary coil not only electrically but also mag- 
netically; and 

a switching element having a control termi- 
nal, wherein, said start resistor and said 
first capacitor apply a bias voltage to said 
control terminal of said switching element, 
and when the bias voltage applied to said 
control terminal becomes higher than a 
threshold voltage, said switching element 
switches a current from said voltage 
source to said power transmitting primary 
coil; and 

(B) a load section comprising: 

a power transmitting secondary coil; and 
a signal transmitting primary coil being 
electrically or magnetically coupled to said 
power transmitting secondary coil, 
wherein, when said load section is 
attached to said power supplying section, 
said power transmitting primary coil and 
said power transmitting secondary coil are 
magnetically coupled to each other, so that 
power is transmitted from said power sup- 
plying section to said load section by elec- 
tromagnetic induction, 
said signal transmitting secondary coil is 
magnetically coupled to said signal trans- 
mitting primary coil and electrically cou- 
pled to said control terminal as a feedback 
coil, and 

said power transmitting primary coil, said 
power transmitting secondary coil, said 
signal transmitting primary coil, and said 
signal transmitting secondary coil form a 
feedback loop. 

2. A non-contact power transmitting device according 
to claim 1 , wherein the load section further includes 
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a control circuit connected to said signal transmit- 
ting primary coil so as to control a voltage level 
induced in the signal transmitting primary coil. 

A non-contact power transmitting device according 5 
to claim 1, wherein said power supplying section 
further includes a second capacitor connected in 
parallel to said power transmitting primary coil. 

A non-contact power transmitting device according 10 
to claim 1 , wherein said signal transmitting second- 
ary coil is arranged outside of a magnetic-flux loop 
of said power transmitting primary coil, and said 
signal transmitting primary coil is arranged so as to 
be confronted with said signal transmitting second- 15 
ary coil when said load section is attached to said 
power supplying section. 

A non-contact power transmitting device according 
to claim 1 , wherein said signal transmitting second- 20 
ary coil is arranged inside of a magnetic-flux loop of 
said power transmitting primary coil, and said signal 
transmitting primary coil is arranged so as to be 
confronted with said signal transmitting secondary 
coil when said load section is attached to said 25 
power supplying section. 
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